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Table 1 Effect of initiator on inverse microemulsion polymerization

State of initial

State of system after

o (aqueous phase)/ % Initiator w (initiator)/ % t1/°C . ] T

microemulsion polymerization for 5 h

20 KPS 0.2 55 Translucent Upper liquid and lower gel

20 KPS 0.3 55 Translucent Phase separation

20 KPS-NaxS,03 0.3 40 Translucent White precipitate at bottom

20 KPS-Na,S,0,4 0.4 45 Translucent Phase separation

20 AIBN 0.2 55 Transparent Bluish transparent gel

20 BPO 0.3 65 Transparent Bluish transparent gel

20 BPO-DM A 0.5 45 Bluish transparent Yelbow ish transparent gel

m (MMA-BA) *m (AA)=473; w(SDS)=20%;

, BPO-DM A

b

AIBN  BPO

b

2.2
2
Na25203.BPO-DM A

b

o

10 min

2

The amount of initiator was based on the total mass of microemulsion.

AIBN

APS-NaHSO3. KPS-
BPO-DM A

Table 2 Effect of initiator on bicontinuous microemulsion polymerization

State of initial

State of system after

o (aqueous phase)/ % m (MMA-BA)/ m (AA) Initiator 1/ C . ) o
microemulson polymerization for 0.5 h

30 1.33 APS-NaHS0, 30 Translucent liquid Translucent liquid

40 0.75 APS-NaHS0, 40 Transparent liquid Translucent liquid

50 1 APS-NaHSO3 50 Transparent liquid Transparent liquid

30 1 BPO-DM A 30 Transparent liquid Phase separation

40 1.33 BPO-DM A 40 Transparent liquid Phase separation

50 0.75 BPO-DM A 50 Transparent liquid Phase separation

30 0.75 KPS-Na,S,0, 30 Transparent liquid Transparent liquid

40 1 KPS-Na,S,0, 40 Transparent liquid Transparent liquid

50 1.33 KPS-Na,S,03 50 Transparent liquid Transparent liquid

40 1 KM nO H,C,0, 45 Transparent liquid ~ Transparent viscous liquid
50 1 KM nO H,C,0, 45 Transparent liquid Transparent viscous liquid
75 0.75 KM nO £#H,C,04 45 Transparent liquid ~ Transparent viscous liquid

The amount of initiator was 0. 3% of the total mass of microemulsion, 7 Coxidant)/ n (reductant)= 1. 33.
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K b o b

APS-NaHSO03. KPS-Na$,03 . 5h . KM n04-H,C204
s 5 min , EGDMA .
s , KM nOg4-
H2C204 (39 kJ/mol”) APS-NaHSO3.KPS-Na,S203 .
. KMnO4H,C04 . s KM nOy4-
H2C204 o
2.3 KMnO4+H,GOy
KM nO4-H,C204 . ¢ 3),
. 3 . KM nO4 MnO2 . .
, H2C204 . M nO2
, H2C204 . , KMnO4
s H2C204 KMnO; MnO; . s KMnO4 AA
AA . AA Mn ( VD .

3 KVinOs H;GOy
hble 3 Experiments designed to investigate the initiation mechanism of KMnO 4+ H, GOy

Run Polymerization Initiator  #/ C Phenomenon of the reaction
system
1 Bicontimious * KMnO , 45 When KMnO, w as added a brow n precipitate appeareds which then tumed nto a brown
Microemulsion solution on shaking. After 20 min a transparent brown gel formed and the color faded
outin 2 h
2 Bicontinuous KMnO, R T. Simikrtolst un but the transparent brown gel formed in 40 min and faded out in
12 h
M icroemulsion * hiter
3 Bicontinuous KMnO, 45  Transparent and @biess gel quickly appeared in 5 min with the addition of H,C,0,
Microemulsion * H,C,0, after KMnO,
4 Acrylic aad KM nO4 45  Simibr to Ist un butit took 15 h for the brown gel to fade out
5 50% (mass fraction) KM nO4 45  The polymerkzation carried out faster than those in microemulsions. The brown gel came
aqueous solution of AA into beng in 8min and faded out n 30 min
6 50% (mass fraction) MnO, R T. The reaction was much slower than in the other runs
aqueous solution of AA
7 50% (mass fraction) MnOy R T. Few of the MnO,disolved and the solution took on light green. Most of the sediment
aqueous solution of AA H,.C,0,4 dissolved into pink liquid after the addition of H,C,0, and transparent gel w as
obtained in 15 min
8 MM A- BA KMnO, 45 A brown precipitate appeared w hen KMnO, w as added no reaction w as observed

within 24 h

" (queous phase)=40%. m(AA)/ m (MMA-BA)=1.78. " “w(aqueous phase)=40%, m (AA)/ m (M MA-BA)= 1.1, n(KMnO )/
n(HngO4)= 1. 33.
KM nO4-H,C204 3 . (o=13,
KMnO4H>Cx04
KM 0,
MH — MnO; v-+HM ° (oxidation of double bond in monomer)
MnO; +3MH+H' —— MnO, ¥+3M *+2H,0 (dehydrogenation of monomer)
2MnO3 +3HC,04 +5H —— 2Mn0, ¥ +4H,0+6C0, 4 (in excess of KM nO4)
MnO,+4H" = Mn*" +2H,0

4 — 10 34
2Mn* +2HC204 — 2Mn’  +FH20+4C02 4



658 20

Mn*"+MH — M “+Mn*" +H"
Mn®" +MH — M “+Mn>" +H"
4Mn® +MnO: +8H — 5Mn’" +4H20
Mu=+M — Mt °

,» MH sM- sMy© .
KMnO4.H,C04 AA s ( MMA) s
; , . MnCID)
Mn (I, MnCID) MnCIID  Mn(IV),
Mn(H )9 o
2.4
1. 2 ESEM . 1 s 2
,AIBN s 1 .
. 2 [} [} KMnO4_H2C2
04 ) 2 ° ’

1 AIBN ESEM 2 ESEM
Fig.1 ESEM micrograph of the polymer obtained Fig. 2 ESEM micrograph of the polymer obtained
from poly merzation in inverse microemulsion from poly merization in bicontinuous microemulsion
containing 20% (mass fraction) aqueous containing 40% (mass fraction) aqueous phase
phase initiated with AIBN itiated with KM nO4-H;C04in the
the condition of polymerization see Table 1 presence of 0. 5% (mass fraction) EGDM A

1 Palani Raj W R, Sasthav M, Cheung H M. Polymer[ ]| » 1995 13:2 637

Palani Raj W R, Sasthav M, Cheung H M. J Appl Polym Sci ]| s 1993 47.499

Palani Raj W R, Sasthav M, Cheung H M. Polymer ]|, 1993 34.3 305

Qutubuddin S; Haque E, Benton W ], et a/. In: EFNokaly M Edr. Polymer Assodation Structures: Microemulsions and

EESEVS I S



7 : 659

Liquid Crystals Chapter 5 ACS Symp Ser 384[ M] . Washington DC: American Chemical Society, 1989

5 Liu} Gan L M, Chew C H, e al. Langmuir] ]|, 1997, 13; 6 421

6 Chew CH, Li TD, Gan LM, et al. Langmuir{ ], 1998 14(21). 6 068

7 GanL M, LiuJ, Poon L P, e al. Polymed ], 1997 38(21).5 339

8 GAO Jing( ), LI Xiao ( ), SHEN Hati Xia ( ), et al. Poceedings of Chinese polymer congress 2001
(2001 )[ C]s Zhengzhou( ), 2001: c¢53

9 PAN Zu-Ren( ). Polymer Chemistry ( ), 2nd EdnC 2 [ M] . Beijing( ): Chemical Industry
Press( ), 1997.27

10 ZHAO Qing Xiang( ), WANG Yu Dong( ), LIU Min Ying ( ), et.al. Polym Mater Sci Eng(&
SFHHAE B AL ], 1998, 14(4); 46

11 GAO Jian Ping( )» YU Jir Gao( )y WANG Wei( ), etal. Polym Mater Sci Eng (% 4F # At &
5 T4 ] 2000. 16( D: 63

12 LI Xiao( )y ZHAO Qiu( )s YUAN Hui-G en( ), etal. Chem React Eng Tech( 5 R 5 T425 1%)

[J,1997 13(D:7

Preparation of Transparent Microporous Polyacrylates by
Inverse and Bicontinuous Microemulsion Polymerization

LI Xiao » GAO Jing, ZHANG Wei-Ying, LIU ZhenFeng
(College of Chemistry and Chemical Engineering, Fuzhou University, Fuzhou 350002 )

Abstract A series of initiator systems have been selected in order to realize the stable polymerization of
acrylates in inverse or bicontinuous microemulsions. The micro-structures of transparent poly mer prepared
were analyzed. The results showed that transparent polymer gels with close-cell structure could be obtained
by inverse microemulsion polymerization initiated with AIBN. Another transparent gels with open-cell
structure could be obtained by bicontinuous microemulsion poly merization using potassium permanganate-
oxalic acid redox system as initiator. The polymerization was fast and considerably stable using the redox
initiator. The ESEM micrographs showed a certain relationship between the original structure of mi-
croemulsions and the structure of the polymer gels obtained. The mechanism of initiation reaction was dis-
cussed briefly.

Keywords microporous polyacrylate, microemulsion poly merization, initiation



